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remarkable chemo-, regio-, and stereoselectivity pat-

Abstract: Type Il photooxygenation (singlet oxygen) is describe 3 . . . .
as a synthetically useful way for the preparation of allylic hydrc?—ems' Recently, even the first enantioselective singlet

peroxides and endoperoxides using sensitizer-adsorbed or coval@{YJen reactions under organocatalytic conditions were
ly sensitizer-doped polymeric (macro- or nanosized) containef@ported. The conventional reaction conditions nicely

Facilitated product separation and purification as well as increasedrrespond to the principles of sustainable ‘green’ chem-
reactivity are advantages of these techniques in comparison with mfyﬁ i.e. triplet oxygen from air is the reagent and the en-

lution-phase photochemistry. The products generated by Typee'igy-transfer sensitizers can be as simple as natural
photooxygenation have been used for the syntheses of numer@b}phyrins or xanthene dyes

polycyclic peroxides with a common 1,2,4-trioxane core as exhibit-

ed in the natural antimalarial artemisinin. Beside these attractive features, however, singlet oxygen
Key words: photochemistry, catalytic oxygenation, peroxides, pef1@S lj'f‘favorable_ properties Und?r enVWQnmema”y clean
oxyacetals, Lewis acid catalysis conditions, e.g. in aqueous media. The lifetime of‘the

state, an essential parameter for reactions with electroni-
cally excited species, is in the microsecond region in pro-
i tic solvents and rises to milliseconds only in chlorinated
Introduction or fluorinated solvents.

Photooxygenation processes are classified as Type 1,1 recent publica?ions we have Qescribeq a relatively sim-
and sometimes also as Type 2IThese codifications ple appr_oach to improved reaction co.ndltlons.: the use of
stand for radical-induced oxygenation (with triplet oxyPolymeric micro- or nanosized containers with the por-
gen as the transfer reagent), energy-transfer oxygenatRJ?V”” sensitizer incorporated either adsorbed in the poly-
(with singlet excited oxygen as the reagent), and for eld®€r neétwork —or covalently linked during the
tron-transfer oxygenation (with triplet oxygen or with thd?0lymerization processA favorable dye for the adsorp-
superoxide anion radical as reagent). Especially the Tyj¢¢ _approach was tetrakis-4-methylphenylporphyrin
Il photooxygenation has been used for numerous synthet! P); for the covalently linked polymers, either tetrakis-
ic applications because singlet oxygéh,)is a highly re- 4-Vinylphenylporphyrin (TSP) or protoporphyrin IX (PP-
active and at the same time selective reagent showing Were used (Figure T)The nanosized polymer beads

HOOC COOH
PP-IX

TTP

Figure 1 Monomeric dyes for adsorption and linking to polymers.
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which were obtained from emulsifier-free emulsion polyand chiral diene8 and11 Thesyn/anti selectivity in12
merization of styrene in the presence of PP-IX and divef the singlet oxygen addition id was very low, in pro-
nylbenzene, were not as stable as the TSP-derived beadsnced opposition to the reaction with monoalkenes.

and gave rise to strong bleaching after 3—4 photooxyggfgpecially sensitive with regard to diastereoselectivity,

ation cycles. A scanning electron microscopy (SEM) pigio\ever, is the singlet oxygen ene reaction with chiral al-

::ui;eurgfz the former sample (unswollen) is shown ific aicohols: when the reaction is performed in non-po-

lar solvents, preferentially thiareo isomers are formed
with high diastereoselectivites (Scheme 2), in protic
solvents the selectivities drop remarkabl/e used as

a characteristic selectivity model the ene reaction of
4-methylpent-3-en-2-ol (mesityloll3). The dr values
were not only characteristic of the solvent but also on the
initial concentration and the degree of conversion of the
substrate. Additionally, H/D exchange in the starting ma-
terial led to a decrease in selectivity (Scheme 3).

o\// 4 OH
" /:X R
’ - . OH 10, H R threo  QOH
“ . ‘ NS A
3 : ; v R
. H OH
. ) . .. — /l —_—
Figure 2 SEM pictures of protoporhyrin X containing polymer o. ©O - R
N -
beads. O. \\H enythro 2 0.

Some prototype reactions are illustrated in Scheme 1: tﬁ@wem_e 2 Diqstereoselectivity of the singlet oxygen ene reaction
ene reactions af- andp-pinene { and3) to give the al- With chiral allylic alcohols.

lylic hydroperoxides2 and4, of 2,3-dimethylbut-2-ene

(5) and ethyl tiglate?) to the allylic hydroperoxidegand These experiments did clearly provide evidence for non-
8, and the [4+2] cycloaddition of singlet oxygen to achiratovalent interactions between singlet oxygen and the sub-

30,, hv 30,, hv
—_— —_—
Sens., PS OOH Sens., PS
OOH

90% 84%
1 2 3 4
OOH
30,, hv OOH . COOEt 30,, hv COOEt
\ > _ =
Sens., PS /Y Sens., PS |
95% 82%
5 7
6 8
OH OH OH
3 o) = 30,, hv o]
P T oV ! I '
OH Sens., PS [e) X Sens., PS O
85% 81%
9
10 1 syn-12 anti-12

Scheme 1 Prototype ene reactions and Diels—Alder type cycloadditions of alkenes and dienes with singlet oxygen in polystynetex(PS)
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oH OH OH and simultaneously syn addition is enforced. On the oth-
)\)\ 0, )J\l/l\ . M er hand, the hydroxy group deactivates the alkene by a

factor of roughly ten in comparison with the unsubstituted

13 OOH 14 OOH alkene® Thegeminal-directing effect is a purely regiocon-
trolling phenomenon describing the ene reactio”Qyf
CCly 4x102 M 93 - 7 with o,B-unsaturated carbonyl compounds and analogs
CH4OH, 4x102 M 73 - o7 with a substituent bearing allylic hydrogens at dhear-
CD30D, 4x102 M 68 : 32 bon. To these compound§), adds preferentially to tHe
PEG, max. loading 64 : 36 carbon with concomitant hydrogen abstraction resulting
PS, max. loading (d) 75 : 25 in a-hydroperoxyalkyl acrylate derivatives (Schemé’4).
PS, 110 1d. 86 : 14 We have now investigated substrates which combine
PS, 1/101d., 20% conv. 90 : 10 these two effects in order to genergdieydroperoxy alco-
Scheme 3 Diastereoselectivity of the mesitylol ene reaction; 1000410Is with an additional acrylate function, substrates de-
conversion if not mentioned. sired for the synthesis of potential antimalarials

combining 1,2,4-trioxanevide infra) with the acryl-
strate as well as the product of the ene reaction. At ve ide benzophenqng-comugate pharmacophors. The first
bstrate was shikimic acidX), a cyclohexane carboxy-

high concentrations (e.g. under solvent-free conditions ] acid with a oroperly flanked hvdroxvl aroun. The com-
polymeric matrices), the diastereoselectivity drops due § ac! properly flanked ny yl group. :
ination of the two deactivating groups together with the

intermolecular hydrogen-bonding between substrate mol- solubility in less polar solvents. however. completel
ecules; at higher degrees of conversion, the diastereoggé-’vemedoy additior? A strai htforWard wa ’to acﬁvatey
lectivity drops because of stronger hydrogen-bondi e substrat%a was thé transftg)rmation into t);]e acetal-pro-
between the more polhydroperoxy alcohols and the cted dienel6. Cycloaddition with'O, resulted in theIo
substrate. This complex reaction behavior could be nice doperoxide i7 which could be 2further modified
investigated in the polymeric reaction containers. Redu 'chgme 512

ing the amount of substrate loaded to the polymer leads'to '

increased selectivity at low conversions and again drops

with increasing conversiol. The lowest diastereoselec- 10, COOH 0-.,, COOMe
tivity was observed either in protic solvents or in pola _ \<

polymer films such as poly(ethylene glycol) (PEG). ho oot

As already mentioned, we routinely use two approaches 15 2 16

singlet oxygen production and application to oxygen "

ation: (a) a purely adsorptive approach where non-poli  '0; /*vr’ '0, l 95%
singlet oxygen sensitizers with hig®, quantum yields

are embedded into polymeric matrices by a wetting/dr COOMe
ing process, and (b) covalent linking of functionalizec Ho.,, COOH O,

sensitizer dye monomers during the polymerization prc ’ \< ‘
cess. In both cases, the polymer particles are subseque! o oo

swollen with the substrate dissolved in a volatile polar so "
vent (see experimental procedures). OH 17

OOH

Scheme 5 Intended photooxygenation of shikimic adifl and its
. . . derivativel6.
Two Directing Effects: Two Case Studies

dThe second substrate was the 4-hydroxy tigls8eob-
r}glined from the ‘G-aldehyde’ (an important intermediate
4n the industrial synthesis of vitamin A)This compound
reacted slowly with singlet oxygen to give the allylic hy-
nq]roperoxidélgwith high regioselectivity. This compound

The hydroxy-directing effect has been extensively use
for control of the regio- and diastereoselectivity of the e
reaction of singlet oxygen with chiral allylic alcohols:
hydroxy group in an allylic position directs the, attack

towards the proximate position of the C=C double bo

OH OH |Y |Y
102 ‘ 102
88% >95%
ﬂ OOH

Y = COOR, COR, CN, SO,R
hydroxy-directing geminal-directing

Scheme 4 Regioselectivity control by hydroxy and gem effects.
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was converted into trioxan@§ by Lewis acid catalyzed H
peroxyacetalization with ketones (Schemé*6ddaman- :
tanone as the carbonyl component gave the spiroperoxi
20athat was also analyzed by X-ray crystal determine
tion.'* One major driving force for introducing acrylate
side-chains to the 1,2,4-trioxane skeleton was a recent
port on the antimalarial activity of acrylamide-benzophe
none conjugatéswhich we currently try to compare with artemisinin yingzhaosu A
acrylate-trioxane conjugates. The cooperative directing
hydroxy and gem effect ib8is thus a valuable tool for the
synthesis of properly substituted hydroperoxides.

OOH

™ o-0
HO X COOMe 19, HO COOMe yingzhaosu C
\/\( PS-TTP | Figure 3 Natural antimalarials: artemisinin, yingzhaosu A and C.
18 19
90%
R'R2C-0 | BFeERO . _ .
30-86% droxy substituent ovice versa. The best process for this

R2 goal is the singlet oxygen ene reaction with allylic alco-
COOMe . 0] K . .
1—'4( o hols directed by the hydroxy effect regio- and diastereose-
5 lectively. The subsequent peroxyacetalization can be

(6]
O/ j)J\
R
@\ °
20a 20 ‘ trated sulfuric acid or boron trifluoride, respectively

cooMe catalyzed by Bronstétlor Lewis acid¥ such as concen-
(Scheme 7).

OH 19, ‘ OH  at
. . . 2J\/K 1 R2 ;
Synthesis of 1,2,4-Trioxanes Using the Photooxygen- R R' R R
ation Route OOH

Scheme 6 Photooxygenation of the allylic alcoh@B and subse-
guent trioxane synthesis.

The quest for the synthesis of a broad series of structuradiyheme 7 Access to 1,2,4-trioxanes by the singlet oxygen route.
diverse compounds with a central 1,2,4-trioxane skeleton

results from the ongoing struggle for active and reliable
antimalarials which do not show resistance against the o . .
most problematic form d¥lalariatropica, resulting from eroxyacetalization with Symmetric Ketones

: . . . 16
infection by thePlasmodium falciparum parasite’® There Tge photooxygenation of chiral allylic alcohols in poly-

are numerous potential drugs and derivatives which a i dell thehvd Iviic hvd
currently investigated. Besides the well established quiW—er matrices delivers thighydroxy allylic hydroperox-

oline derivatives, compounds that are currently tested '5'?5 in moderate diastereoselectivity but in good yields

pharmaceutical leads include those that interact with d nd with much less impurities than the traditional solu-

ferent locations of infected erythrocytes. Classes of co Qn—phase reaction. When treating these products with
pounds having in common the structural motif of cycli ymmetric ketones in t'he presence Qf catalytic amounts of
peroxides play a special role both because of their str F., thetrans 5,6-substituted 1,2,4-trioxanes were formed

tures and the possible mode of action. Many of these co good to moderate yields. Volatile ketones such as ace-
pounds are structurally derived from the naturall ne, cyclopentanone or cyclohexanone were applied in

occurring sesquiterpene lactone artemisinin (ginghaos l_zg'fﬂd excessl and t.h'gh yletlrc]is of trlo?arées Wetre ob-
a compound with a 1,24-trioxane core structur ned. Viore problematic was the use of adamantanone

(Figure 3)!7 But also 1,2-dioxanes as present in yingzhé"-’h'Ch was applied in stoichiometric amounts and compli-

osu A and C show high antimalarial activitiés. Cated product separation.

Extensive work has been published on the total syntheQéyp'C""I reaction pr_otocol is shown in Scheme_ 8: the cy-
of artemisinint® the preparation of its derivativiégs well ClOProPaneZlis available from aldol condensation of cy-

as on the elucidation of the peroxide-specific mode of aE[opropyImethyIketone with acetoriephotooxygenation

tion.?! Semisynthetic derivatives have been reported froff polymer beads results in a 62:38 mixture of diastereo-

several research groups as well as fully synthetic Spirogpmeric hydroperoxide22in 80% yield (combined, only

cyclic peroxides and ‘dual systems’, with 1,2,4-trioxane e major isomer shown). Subsequent treatment with 1-20

linked to quinolineg? One straightforward process is theequivalents of ketone in the presence of catalytic @

introduction of a hydroperoxy grotito a preexisting hy- forded the trioxane23 in yields of 8-41% (adaman-
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OH OH
’_,_-L“Q:\L/ ¥ IF:..E e | J\ OH
. X J— 805 v BF3 Et,0

O0H R'R2C=0
OOH

‘?\0 : R RZ  yield  dr
¢ 1 T . | N/ a Et Me 62%  72:28

| R ,¢_._ﬁ : b Et H 21%  >98:2
?,J. I e ¥
,.h .l-. ‘|3' Scheme 9 C-4 chiral, 5-cyclopropanated 1,2,4-trioxanes fra2n

Scheme 8 5-Cyclopropanated 1,2,4-trioxanes, for R and yields se€he C3-Naphthyl Series
text; X-ray structure o23a(for X-ray data, see Table 1 in experimen-

tal part). A special feature in the peroxyacetalization runs was the
application of naphthaldehyde derivatives. These experi-

tanone: 8%, cyclohexane-1,4-dione: 17%, acetone: 419g)ents were performed in order to approach trioxane-quin-
In most cases, the trioxane resulting from the minor h@line conjugates that might act cooperatively in their

droperoxide diastereomer could not be isolated after puﬁntimalarial activities. Therefore, we investigated the re-
fication. The currently most active trioxane of this seriegction ofp-hydroperoxy alcohols witf-naphthaldehyde

in the antimalarialn vitro test againsP. falciparumwas (equimolar amounts) as a model compound and obtained
compound23a28 the corresponding trioxanes in good yields indicating that

the reactivity of the naphthaldehyde was higher than in the
adamantanone series (Scheme 10).

Non-Symmetric Ketones and Aldehydes

When using non-symmetric ketones or aldehydes, a thif¢id-Catalyzed Cleavage Followed by Cross-Peroxy
stereogenic center was created at C-3. In most casesA§é€talization

configuration of this center was perfectly controlled dur- )

ing the reaction with the major diasterecisometticep) ~Lewis- and Bronsted acids slowly decomp@seydroxy
hydroperoxides. In these cases, the products (e.g.a#ylic hydroperoxides in a Hock-type cleavage to give
Scheme 9 the trioxané3t from the cyclopropyl deriva- two carbonyl fragments. This reaction can efficiently
tive 22) were formed as sole diastereoisomers in an afompete with the regular peroxyacetalization as described
equatorial substituent pattern (from NOE measurementdPoVe if (a) sterically demanding carbonyl compounds are
The yields with aliphatic aldehydes were generally lowsed and/or (b) only stoichiometric amounts of the carbo-
due to competitive 1,3,5-trioxane formation and could b&/! compounds could be used. In case of adamantanone
increased by using acetal derivatives. Orthoesters colfigth effects act cooperatively and the yields of spiroada-
also be applied and gave rise to different stereochemiéagntane peroxides were generally low. On the other hand,
results (C3-OR in an axial position) indicating strong an&ontrolled acid-catalyzed peroxide cleavage in the ab-

meric effects\ide infra). sence of external carbonyls generates minute amounts of
| OH | R
BF; OEt: -
F-ce gt
R )Y 0
f-Naphih-CHO ]
Q0OH Oxu.--"' "-._,_,___-__-'f"‘“-‘_\_
25

26
)
R yiold e

e 46%
Et 24%
mPr 405%%
Cyclopropyl -~ 3%

oo gm

e

Scheme 10 3-B-Naphthyl-substituted 1,2,4-trioxanes, X-ray structur26xf (for X-ray data, see Table 1 in experimental part).
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OH | : | :
)|\I/|W BF4.OEt, /H/\ /H/\
T o) o
rt. ) * )

(0]

OOH o ~ ‘v, SN,
2 33% (6] v (0] | r

27 28

Scheme 11 Lewis acid catalyzed cleavage and cross-peroxyacetalization @fttproxy hydroperoxid@2.

carbonyl fragments in the presence of fHeydroxy hy- A Diverse Family of 1,2,4-Trioxanes

droperoxides and thus cross-peroxyacetalization is initiat-

ed. This process allows the access to a series of nBallowing the procedures described above, a family of

trisubstituted 1,2,4-trioxanes with high diastereoselectivaono-, bi-, spiro- and dispirocyclic 1,2,4-trioxanes were

itiy. A typical example is shown in Scheme 11 with thgenerated in recent years. A sample collection is shown in

BF;-catalyzed decomposition of the cyclopropyl derivaScheme 13, demonstrating that a broad substituent pattern

tive 22, is available at positions C3 and C5 of the 1,2,4-trioxane
ring. The two methods already mentioned are also com-
pared here: the trans-peroxyacetalization of acetals

Bis-Trioxanes: Doubled Peroxyacetalization (Method B, for the synthesis of trioxan®&ga) is superior
over the direct use of volatile aldehydes (Method A). This

The peroxyacetalization of 1,2-hydroperoxy alcoholmethod is also described for the synthesis of the 1,2,4-tri-

with cyclohexane-1,4-dione has been already investigatedane 24b in the experimental section. When triethyl

by several research groups including us (see compourmtthoformate was used as component, the first examples

23).2227|n all cases reported in literature, the second cawf orthoperacetals with the trioxane substructure gg.

bonyl group was used as anchor functionality for intraas a 3:1 diastereoisomeric mixture) were obtained in ex-

ducing amino groups, e.g. for the synthesis of the duegllent yields.

trioxaquines developed by the Meunier grétp® The

bifunctional ketone can in principle also be used as a basis

for the synthesis of dispiroperoxides by application of &symer-Bound Porphyrin Dyes; PP-S-DVB; Typical Proce-

excess of hydroperoxide. The yields for these processgse

were in all cases low (4-20%) and diastereoisomeric miReionized HO (200 mL), acidified with K5O, to pH 2.3, was

tures of dispiroperoxide29 were isolated (Scheme 12). purged with N and heated to 70 °C for 20 min in a 500-mL three-

The X-ray structure analyses revealed thatstmecom- necked flask equipped with a stopper, a reflux condenser and a gas
t. Subsequently, freshly distilled styrene (10 g), divinylbenzene

. . i
poundg he;vtﬁ the tIWO Fem)gde. br?tdt%es l;reely eﬁ('rt)ﬁs.e;:l %@B, 100 mg) and protoporphyrin IX (10 mg) were added rapidly
One siae ot the molecule and mig erelore exniDItINELA 4 1he system was sealed in order to prevent contamination with

es;ing Pharmaf{mo@lical properties. Highly aCtive_ antimayr. while the mixture was being vigorously stirred, potassium per-
larial trioxane dimers have already been synthesized frasxodisulfate (120 mg) in 4 (10 mL) was added at once. As the

artemisinin derivatives by bridging reacticfis. polymerization proceeds, the color of the reaction mixture turned
oH
BF ;3 ELO
A “oHD
QOH :
P A it
a Bu 15%
b nBu 4%

g o R Y | :

Scheme 12 Synthesis of dispiro compoun@$8 from cyclohexane-1,4-dione (CHD) a8, X-ray structure ofat-29a (for X-ray data, see
Table 1 in experimental part).
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(1RS,2SR)-1-Cyclopropyl-2-hydroperoxy-3-methylbut-3-en-1-

OH ol; Minor Isomer
BFs Et,0 'H NMR (300 MHz, CDCJ): § (additional significant signals) =
R! R2R3C=0 or 1.82 (m, 3 H, CHC=), 3.14 (dd, 1 H) = 4.3, 8.8 Hz, €EIOH), 4.41
OOH R2R3c(OR4)2 (d, 1 H,J =4.3 HZ, G'lOOH)
13C NMR (75.5 MHz, CD(C)): & =2.6 (t, CH,CH,), 2.9 (t
25 CH,CH,), 13.3 (d, CH), 19.6 (qzH5C=), 75.6 (dCHOH), 91.2 (d,
Rl R2 R R yield CHOOH), 115.4 (tCH,=C), 141.3 (SC=CH,).
a n-Bu Ph H Me 48% The diastereomeric mixture of allylic hydroperoxides was applied
b iBu B-Naph H - 21% for peroxyacetalization without further purification.
¢ Me - Ada - - 10%
d iBu -Ada- - 12% , , , . .
e Me Fu H - 349 (5'RS,6'RS)-5"-Cyclopropyl-6’-(prop-1-en-2-yl)-spiro{tricyc-
f Et oCKPh H -  22% Io[3.3.1.2"|decane-2,3[1,2,4]-trioxane} (23a)
g Me OEt H  OEt 70% A solution of22 (1.88 g, 11.9 mmol) and adamantanone (1.78 g,

. . . 11.9 mmol) in CHCI, were treated with catalytic amounts of
Schene 13 Diverse 1,2,4-trioxane structures from reaction of 1,2z ) HCl, vt

) BF;-OEt, (0.2 mL). Usual work-up and further purification of the
hydroperoxy alcohols with ketones and aldehydes (Method A) or ace- 3 . _— .
tals and orthoesters (Method B). &ude product by preparative thick-layer chromatography ,(SiO

EtOAc—n-hexane, 1:10R; 0.81) afforded the pure 1,2,4-trioxane
23aas a faint yellow oil which crystallized upon standing (0.25 g,

faint red and after a polymerization period of 79 h, the mixture w&§0); Mp 79-81 °C.
quenched with MeOH (200 mL) and then cooled to r.t. The polyméR (film): 3079, 2931, 2917, 1653, 1112, 1079, 1025, 926, 910, 891
particles were separated by centrifugation at 3500 rpm, and any foea®.

(non-polymerized) sensitizer particles were removed by extractiQﬂ NMR (300 MHz, CDCJ): 3 = 0.31-0.49 (m, 4 H, C}€H,), 0.78
’ . - Y. —\J. ’ 1 2] M-

with CH,CIl, several times, until the dye in the washing solvent w -
no longer detectable. The beads were dried at 40 °C under vac%ﬂn’\l H, GH(CHy),, 1.50-2.19 (m, 13 H, CH and G179 (m, 3

o , CH,C=), 2.82 (m, 1 H, CH), 3.33 (dd, 1 H=7.4, 9.4 Hz,
to afford 3.25 g (33%) of the _polymer-bound sensitizer. PP-S-DV, CH), 4.38 (d, 1 HJ = 9.4 Hz, OOCH), 5.04 (m, 2 H, GH).
was obtained as a sandy solid.

13C NMR (75.5 MHz, CDC)): § = 1.9 (t, CH), 3.1 (t, CH), 12.2 [d,
Photooxygenation Using Polymer-Bound Porphyrin Dyes as ~ CH(CH,),], 21.0 (9,CH5C=), 27.5 (d, CH), 27.6 (d, CH), 30.2 (d,
Sensitizers as well as Reaction Media; Solvent-Free Photooxy- CH), 36.9 (d, CH), 33.4 (t, Ciil 33.7 (t, CH), 33.8 (t, CH)), 34.0
genation Conditions (t, CH,), 37.6 (t, CH), 73.0 (d, OCH), 87.9 (d, OOCH), 105.0 (s,
a. Using Commercial PS-DVB Copolymer 0COO), 117.2 (t, Ch¥), 140.4 (SC=CH,).
The polymer particles (ca. 2—3 g) were distributed in a petri dish (M (E1, 70 eV)m/z (%) = 290 (M, <1), 220 (M — GHO, 1), 150
cm diameter) and were swollen with ¢k, (20 mL). The substrate (c, H,,0%, 57), 108 (GH,,*, 47), 93 (GH", 57), 81 (GH,", 37), 80
(ca. 10 mmol) and the nonpolar sensitizer (TPP or TTP, ca. 3-6 n(g);H;, 97), 79 (GH,*, 100), 67 (GH,", 32), 55 (GH;0", 27).
in EtOAc (20 mL) were subsequently added and the excess solvent ) ) )
was evaporated by leaving the petri dish in a well ventilated ho nal. .Calcd for GaHze0; (290.40): C, 74.45; H, 9.02. Found: C,
The petri dish was covered with a glass plate and the sandy s I%Gl’ H, 8.94.
was irradiated with halogen lamp or sodium street lamp. The poly-
mer beads were subsequently rinsed with EtO8 mL) and fil- QISRS,5RS,(_SRS)-5-Cyc|opropyl-3-(naphth-2-y|)-6-(prop-1-en-2-
tered (the beads were kept fogeaeration and reuse). The solvenﬁ’l)'liz’.‘l'mc}xane (26d) | hthaldehvd
was evaporated under reduced pressDeaifon! water bath tem- ~ Solution 0f25(1.25 g, 7.91 mmol) angtnaphthaldehyde (1.23 g,

o P, 8 mmol) in CHCI, were treated with catalytic amounts of

perature should not exceed 30 °C) and the composition of the prod= 2 oo
uct was determined B¥H as well as3C NMR spectroscopy. % 5 OE} (0.2 mL). Usual work-up and further purification of the
crude product by preparative thick-layer chromatography ,(SiO

b. Using Synthesized PP-S-DVB Copolymers EtOAc-n-hexane, 1:10R; 0.67) afforded the pure 1,2,4-trioxane

The dye-cross-linked polymer beads (TSP-S-DVB or PP-S-DVI?,Gd as a yellow oil which crystallized upon standing (0.72 g, 31%).
ca. 0.60 g) in a petri dish (14 cm in diameter) were swollen witlR (film): 3088, 3011, 2968, 2934, 1647, 1603, 1126, 1071, 904,
CH,CI, (20 mL), then the substrate (ca. 5 mmol) in EtOAc (20 mL$59, 814 cmt.

was added. Subsequent treatment as described before afforded,thQur (300 MHz, CDCJ): § = 0.39-0.64 (m, 4 H, C}CH,), 0.98

product. [m, 1 H, GH(CH,),], 1.87 (m, 3 H, CKC=), 3.44 (dd, 1 H) = 7.4,
9.1 Hz, OCH), 4.68 (d, 1 H1=9.1 Hz, OOCH), 5.14 (m, 2 H,

(1|F(2?],2RS)-1)-Cyc|opropy|-2-hydroperoxy-3-methy|but-3-en-1- CH,=), 6.31 (s) 1H O(CHOO) 7.46-7.98 (m Zrll?b (

ol (threo-22 U | ' y I . ) .

Photooxygenation a1 (1.0 g, 7.94 mmol) for 60 h afforded a dia-"*C NMR (75.5 MHz, CDC)): § = 2.0 (t, CH), 2.8 (t, CH), 11.6 [d,

stereomeric mixture (disyn:anti, 62:38) ofp-hydroxy allylic hy- CH(CHy),], 20.7 (q,CH,C=), 81.0 (d, OCH), 87.8 (d, OOCH),

droperoxide®2 (1.0 g, 80%) as a colorless oil. 104.0 (d, OCHOO), 117.5 (t, GH), 124.2 (d, CH,), 126.2 (d,
CH,or), 126.7 (d, CHegn), 127.0 (d, CHeop), 127.7 (d, Chber),
threo-22, Major Isomer 128.2 (d, CHy,pn), 128.5 (d, CHyp), 131.8 (S, Gon), 132.9

H NMR (300 MHz, CDCJ): 6 =0.20-0.52 (m, 4 H, Ci€H,),  (S: Gyom) 134.1 (S, Gron), 139.9 (SC=CH,).
0.78-0.99 (m, 1 H, CH), 1.75 (m, 3 H, ¢F#), 3.07 (dd, 1 H, HRMS (El, 70 eV): GH,.O: calcd: M = 296.141 g/mol; found:
J=8.0, 8.0 Hz, GIOH), 4.29 (d, 1 H)=9.3 Hz, GHOOH), 5.05 M =296.141+ 0.005 g/mol.

(m, 2 H, CH=C). Anal. Calcd for GiH,,05 (296.37): C, 77.00; H, 6.80. Found: C,
3C NMR (75.5 MHz, CDG): 8§=1.8 (t, CH,CH,), 3.2 (. 76.47: H, 6.83.

CH,CH,), 14.0 (d, CH), 18.9 (dCH-C=), 75.0 (dCHOH), 93.3 (d,

CHOOH), 115.5 (tCH,=C), 141.6 (SC=CH,).
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FEATURE ARTICLE 1,2,4-Trioxanes by Photooxygenation of Allylic Alcohols 2441

Lewis Acid Catalyzed Cleavage op-Hydroxy Hydroperoxides CHCH,), 24.7 (t, CH), 30.7 (t, CH), 39.6 (t,CH,CH), 88.1 (d,

and Subsequent Cross-Peroxyacetalization Reaction; General OOCH), 102.3 (s, OCOOQ), 139.0 G=CH,).

Procedure

To a stirred solution of approprigtenydroxy hydroperoxide in an- (3RS,4RS,12RS,13RS)-4,13-Dibutyl-3,12-diisopropenyl-

hydrous CHCI, (100 mL) was added at r.t. catalytic amounts ol,2,5,10,11,14-hexaoxadispiro[5.2.5.2]hexadecarts-29b) and

BF;-OEt (ca. 0.2 mL) and the mixture was further stirred for 12 (BRS,4RS,12SR,13SR)-4,13-Dibutyl-3,12-diisopropenyl-

at r.t. The mixture was partitioned between,CH and aq sat. 1,2,5,10,11,14-hexaoxadispiro[5.2.5.2]hexadecarte-29b)

NaHCQ; solution and the phases were separated. The aquedusolution of25 (R =n-Bu) (1.45 g, 8.33 mmol) and cyclohex-1,4-

phase was extracted with @El, (3 x 30 mL) and the combined or- dione (0.46 g, 4.11 mmol) in GBI, were treated with catalytic

ganic phases were washed with bringDHand dried (N§5O,). amounts of BEOEY, (0.2 mL). Usual work-up followed by prepar-

Solvent evaporation (water bath temperature should not excesdre thick-layer chromatography (SiOEtOAc-h-hexane, 1:10,

30 °C) followed by chromatographic purification afforded the pur& 0.53) afforded a diastereomeric mixture of the pure 1,2,4-triox-

1,2,4-trioxanes. anes29bin a ratio 1:1 (0.07 g, 4%) as an oil which crystallized on
standing.

(3RS,5RS,6RS)-3,5-Dicyclopropyl-6-(prop-1-en-2-yl)-1,2,4-tri-

oxane (27) First Diastereomer (st-29b)

Following the above procedure, from 1-cyclopropyl-2-hydroper*H NMR (300 MHz, CDCJ): § = 0.86 (t, 3 HJ = 7.1 Hz, G1,CH,),

oxy-3-methylbut-3-en-1-o0l22; 1.50 g, 9.5 mmol) was obtained af- 1.05-1.72 (m, 8 H, C§), 1.60 (m, 3 H, CKC=), 2.20 (m, 2 H, C}},

ter usual work-up, the crude 1,2,4-trioxa@@sand28 as a mixture 3.86 (m, 1 H, OCH), 4.25 (d, 1 B= 9.6 Hz, OOCH), 5.04 (s, 2 H,

in a ratio of 61:39 (0.66 g, 33%). The yellow oil was then purifie€€CH,=).

by preparative thick-l_ayer chromatqgraphy (81@tOAcC+h-hex- 13C NMR (75.5 MHz, CDC)): § =13.9 (q,CH,CH,), 19.7 (.

ane, 1:10R; 0.81) to give the 1,2,4-trioxar® (0.23 g, 12%). CH,C=), 22.5 (tCH,CH,), 25.2 (t, CH), 27.0 (tCH,CH,), 30.4 (t,

!H NMR (300 MHz, CDCJ): § = 0.24-0.59 (m, 8 H, 4 Cj} 0.74— CH,CH,), 30.8 (t, CH), 69.8 (d, OCH), 87.7 (d, OOCH), 102.4 (s,

0.95(m, 2 H, 2CH), 1.77 (s, 3 H, @Ek), 3.06 (dd, 1 H} =7.9, 0OCOQO), 118.1 (tCH,=C), 139.2 (SC=CH,).

8.7 Hz, OCH), 4.45 (d, 1 H1=9. 2 Hz, OOCH), 4.73 (d, 1 H,

J=6.2 Hz, OCHOOQ), 5.04 (br s, 2 H, G¥C). Second Diastereomertét-29b)

13C NMR (75.5 MHz, CDCJ): 6 = 1.4 (t,CH,CH), 1.7 (tCH,CH), IR (film): 3083, 2957, 2873, 1648, 1455, 1373, 1258, 1105, 1007,

1.9 (t, CH,CH), 2.8 (t, CH,CH), 11.5 [d,CH(CH,),, 12.0 [d, 928 911 cm.

CH(CH,),], 20.6 (g,CH,C=), 80.8 (d, OCH), 87.4 (d, OOCH), 'H NMR (300 MHz, CDC}): § = 0.86 (t, 3 H,J = 7.1 Hz, G4,CH,),

106.4 (d, OCHOO), 117.1 €H,=C), 139.4 (sSC=CH,). 1.05-1.72 (m, 8 H, C}}}, 1.60 (m, 3 H, CKC=), 2.20 (m, 2 H, C}},
3.86 (m, 1 H, OCH), 4.25 (d, 1 = 9.6 Hz, OOCH), 5.04 (s, 2 H,

(3RS,5RS,6RS)-5-Cyclopropyl-3,6-di(prop-1-en-2-yl)-1,2,4-tri- ~ CH,=).

oxane (28) 1 -

M (R0 Mz CDCY: 50.7-052 (m, 4 H, CleHy, G AR 155 Mz OO 8 2199 (4. cHOH). 195 @

0.67-1.24 [m, 1 H, B(CH,);, 1.69 (m, 3 H, CHC=), 1.74 (. 3H,  51y"Clyy 31 5 (1. CH), 69.8 (d, OCH). 87.7 (d, OOCH), 102.3 (s,

J=1.2 Hz, CHC=), 3.21 (dd, 1 H) = 7.1, 9.0 Hz, OCH), 4.43 (d, 0COO0), 118.1 (tCH,=C), 139.1 (SC=CH,).

1 H,J=9.1 Hz, OOCH), 4.98-5.04 (m, 3 H, G¥C), 5.18 (brs, 1
H, CH,=C), 5.45 (s, 1 H, OOCHO). Anal. Calcd for GH,,Og (424.57): C, 67.89, H, 9.50. Found: C,

7.43; H, 9.37.
15C NMR (75.5 MHz, CDG)): 5 = 1.5 (t, CH), 2.3 (t, CH), 11.3[d, 0 +> H 93
C(:jH(CHZ)Z], 17.5 (q,CHéC=), 20.4 (QCH,C=), 79.8 (d, OCH), 87.5 | o\yis Acid Catalyzed Transperoxyacetalization;
(d, OOCH), 104.5 (d, OOCHO), 116.5 (@H,=C). 117.2 (t (3rg 5RS 6RS)-5-Cyclopropyl-3-ethyl-6-(prop-1-en-2-yl)-1,2,4-
CH,=C), 138.7 (sC=CHy), 139.2 (SC=CH). trioxane (24b); Typical Procedure (Method B)

A solution 0f22 (1.20 g, 7.59 mmol) and propionaldehyde diethyl
(3RS,4RS,12RS, 13RS)-4,13-Diisobutyl-3,12-diisopropenyl- solution 0f22 (1.20 g, 7.59 mmol) and propionaldehyde diethy

A acetal (1.0 g, 7.58 mmol) in GHI, were treated with catalytic
1,2,5,10,11,14-hexaoxadispiro[5.2.5.2Jnexadecat&-g9a) and 5 1qnts of BFOEY, (0.2 mL). Usual work-up and further purifica-
(3RS,4RS, 125R, 135R)-4, 13-diisobutyl-3,12-diisopropenyl- FOE (0.2 mL). P b

i f th .67 g, 45% ive thick-I
1.2.5.10 11,14-hexaoxadispiro[5.2.5.2]hexadecatat-29a) tion of the crude product (0.67 g, 45%) by preparative thick-layer

) o chromatography (Si9) EtOAc-n-hexane, 1:10R 0.76) afforded a
A solution 0f25 (R =i-Bu) (1.32 g, 7.59 mmol) and cyclohexan- ¢, 5 jess oil composed of a diastereomeric mixture of the pure

1,4-dione (0.42 g, 3.75 mmol) in GBI, were treated with a cata- 5 4 trioxane24b as the major product, at, 28 as minor prod-
lytic amount of BEFELO (0.2 mL). Usual work-up followed by +¢ (315 mg, 21%). jorp ' ' P

preparative thick-layer chromatography (Si@&tOAch-hexane, ]

1:10,R; 0.71) afforded a diastereomeric mixture of the 1,2,4-trioxtR (film): 3085, 3009, 2973, 2927, 2881, 1653, 1648, 1116, 1088,

anes29ain a ratio of 1:1 (0.23 g, 15%) as an oil which crystallize3047, 943, 904 cm

on standing. IH NMR (300 MHz, CDCJ): & (major product a) = 0.31-0.62 (m, 4

H NMR: (300 MHz, CDCJ, both diastereomers)= 0.81-0.94 (m, H, CH,CH,), 0.79 [m, 1 H, ©I(CH,),], 0.90 (t, 3 HJ=7.5 Hz,

6 H, (CH,),CH), 1.06 (m, 1 H, 6,CH), 1.33 (m, 1 H, 6,CH), CH3CH,), 1.56 (dq, 2 HJ =5.3, 7.5 Hz, B&1,CH;), 1.75 (m, 3 H,

1.59-1.89 (m, 3 H, B, and GiCH,), 1.72 (m, 3 H, €,C=), 2.10— CHC=),3.08 (dd, 1H)=7.7,9.1 Hz, OCH), 4.41 (d, 18~ 9.1

2.35 (m, 2 H, €l,), 3.97 (m, 1 H, O€), 4.24 (d, 1 H) = 9.54 Hz, Hz, OOCH), 5.01 (m, 2 H, CH), 5.08 (t, 1 H,J=54 Hz,

OOCH), 5.05 (m, 2 H, €,=C). OCHOO).

13C NMR: (75.5 MHz, CDC}, 1%t diastereomer = 19.7 (g, -C NMR (75.5 MHz, CDC)): § (major product a) = 1.6 (t, Chi

CH4C=), 21.3 (qCH4CH), 23.5 (dCHCH,), 23.7 (qCH,CH), 25.2 2.6 (t, CH), 8.1 (q,CH;CH,), 11.4 [d,CH(CH,),], 20.4 (q.CH;C=),

(t, CH,), 31.2 (t, CH), 39.6 (t, CHCH), 67.8 (d, OCH), 88.1 (d, 253 (t, CH,CH,), 80.3 (d, OCH), 87.6 (d, OOCH), 105.1 (d,

OOCH), 102.3 (s, OCOO0), 118.2 @H,=C), 139.0 (sC=CH,); OCHOO), 117.0 (tCH,=C), 139.3 (sC=CH,).

Additional signals of ' diastereomes = 19.6 (CH;C=), 23.5 (d, Anal. Calcd for G,H,40; (198.26): C, 66.64; H, 9.15. Found: C,
66.55; H, 9.15.
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,5RS, -5-Butyl-3-phenyl-6-(prop-1-en-2-yl)-1,2,4-tri- ilm): , , , , , , 999, cm
3RS,5RS,6RS)-5-Butyl-3-ph I-6 1 2-yl)-1,2,4-tri IR (fil 2912, 1648, 1222, 1109, 1090, 1023, 999, 926
oxane (30a) (Method B) 1H NMR (300 MHz, CDCJ): 5 = 1.07 (d, 3 HJ = 6.2 Hz, GH,CH
A solution 0f25 (R =n-Bu) (1.32 g, 7.59 mmol) and benzaldehyde, 5, 5 1(1 m 132|_’| CI—C|:%nd (;)—il 7(3 ’(m I;JH CEC:) > %O ()b,r
dimethyl acetal (1.15 g, 7.57 mmol) in @, were treated with " " CH) 4.04 (’dq 1H= 6.2 9.6 Hz O&:H) 417 .(d 1H
catalytic amounts of BFOEY, (0.2 mL). Usual work-up and further J’: 9 6,Hz O’O'CH) 5 64 (m, 2 H QH) ' T ' '
purification of the crude product by preparative thick-layer chroma ' ' T T '
tography (SiQ, EtOAc-n-hexane, 1:10R, 0.76) afforded the pure °C NMR (75.5 MHz, CDCJ): 5 =17.0 (q, CH;CH), 19.8 (q,
1,2,4-trioxane30a (0.96 g, 48%) as an oil. g;si@), (:27-1 égéCH)bZ?'zsgdA CHé 29-2 3(% CH():, 36-357 (g, CH),
A(t 3(t 4 (t O (t 2 (t
H NMR (300 MHz, CDCJ): § = 0.91 (t, 3 HJ = 7.2 Hz, G1,CH,), ¢ ChH), t Ch), t Ch). « Ch), S

CH,), 65.0 (d, OCH), 88.7 (d, OOCH), 104.8 (s, OCOO), 117.6 (t
1.23-1.61 (m, 6 H, Ch, 1.80 (m, 3 H, €,C=), 3.92 (M, 1 H, CH?:’) 139_(3’(5C:C),’42). d ) (s, ) e

OCH), 4.54 (d, 1 H) = 9.3 Hz, OOCH), 5.13 (m, 1 H, GH), 5.16 el
(s, 1H, CH=), 6.22 (s, 1 H, OCHOO), 7.37-7.54 (m, 5. ?/ICS I(-lEI’OZO:Bi\)/)g]Z/Z( (g l/:) = 21%46 )(l\/gl 4()@%0 S(Z; P %FQ;‘I?’* 52%,) 1;38
13C NMR (75.5 MHz, CDGCJ)): 6 =13.9 (q,CH;CH,), 19.7 (q, (C;°H7i“ 97), 67 (GH-- g°7‘) 55 (GH,0" Zé). ’ 8
CH,C=), 22.6 (t,CH,CHg), 27.0 (t,CH,CH,), 30.1 (t,CH,CH),), e o :

77.3 (d, OCH), 87.6 (d, OOCH), 104.0 (d, OCHOO), 118.5 (fAnal. Calcd for G¢H,,0;(264.36): C, 72.69; H, 9.15. Found: C,
CH,=C), 126.9 (d, Ch), 128.3 (d, CHqy), 129.7 (d, Ch,),  72-69; H, 9.05.

134.6 (s, Gom)s 138.8 (SC=CH,). ) )

MS (EI, 70 eV):miz (%) = 262 (M, not observed), 124 (8, gf(i’r?i 3) :a'jgr?]‘gzia?‘éﬁ)r(%%dl) ?&;ﬁ'&ﬂf [1,2,4-trioxacyclo

13), 106 (GHeO", 32), 105 (GH:O", 100), 77 (GHs" 33). 51 A solution of25 (R =i-Bu) (1.70 g, 9.77 mmol) and adamantanone

(CHs", 13). (2.10 g, 13.5 mmol) in C€l, was treated with catalytic amounts

Anal. Calcd for GgH,,05(262.34): C, 73.25; H, 8.45. Found: C, of BF;-OEt (0.2 mL). Usual work-up and further purification of the

73.11; H, 8.46. crude product by preparative thick-layer chromatography ,(SiO
EtOAc—n-hexane, 1:10R; 0.80) afforded the 1,2,4-trioxar@0d

(3RS,5RS,6RS)-5-1sobutyl-3-(naphthalen-2-yl)-6-(prop-1-en-2-  (0.28 g, 10%) as an oil which crystallized on standing to a white sol-

yl)-1,2,4-trioxane (30b) (Method A) id. '"H NMR (300 MHz, CDC)): 6 =0.87 (d, 3 HJ=6.6 Hz,

A solution of25 (R =i-Bu) (1.21 g, 6.95 mmol) angtnaphthalde- CH,CH), 0.90 (d, 3 HJ=6.8 Hz, G4,CH), 1.01-1.10 (m, 1 H,

hyde (1.09 g, 6.99 mmol) in GBI, was treated with catalytic CH,CH), 1.34 (m, 1 H, 6,CH), 1.50-2.09 [m, 14 H, CH, Gtnd

amounts of BEOEY, (0.2 mL). Usual work-up and further purifica- CH(CH,),], 1.72 (t, 3HJ = 1.2 Hz, G4,C=), 2.91 (br d, 1 H, CH),

tion of the crude product by preparative thick-layer chromatograpt399 (ddd, 1 HJ = 3.0, 9.5, 9.5 Hz, OCH), 4.20 (d, 1 35 9.5 Hz,

(Si0,, EtOAcH-hexane, 1:10R; 0.71) afforded the 1,2,4-trioxane OOCH), 5.03 (m, 2 H, C}#C).

30b(0.46 g, 21%) as an oil which crystallized on standing toawhiieC NMR (75.5 MHz, CDC): & =19.7 (q,CH,C=), 21.4 (q,

solid; mp 60-62 °C. CH,CH), 23.5 (dCHCH,), 23.8 (q,CH.CH), 27.2 (2 d, CH), 29.9
IR (Csl): 3095, 2956, 2934, 1605, 1347, 1098, 1080, 997, 863, 8(d, CH), 33.1 (t, CH), 33.3 (2, CH), 33.5 (t, CH), 36.6 (d, CH),
e 37.2 (t, CH), 39.9 (t,CH,CH), 66.6 (d, OCH), 87.8 (d, OOCH),

1H NMR (300 MHz, CDCJ): 6 = 1.01 (d, 3 HJ = 6.6 Hz, Gi,CH), 1047 (5, 0COO0), 118.0 €H,=C), 139.3 (SC=CH,).
1.04 (d, 3 HJ = 6.8 Hz, G1,CH), 1.33 (M, 1 H, 6,CH), 1.70 (M, MS (El, 20 eV)mz (%) = 150 (GoH,,0", 100), 124 (GH,¢", 27).
(ddd, 1 H,J=2.3, 9.1, 10.3 Hz, OCH), 4.65 (d, 1 B 9.1 Hz, =306(.2i9¢ O?Og'sgjnfglf cated: 199 9/mof found:

OOCH), 5.19 (m, 1 H, C}#), 5.24 (m, 1 H, Ck¥), 6.45 (s, 1 H,
OCHOO), 7.49-8.07 (M, 5H,). Anal. Calcd for GgH;i0; (306.44): C, 74.47; H, 9.87. Found: C,

15C NMR (75.5 MHz, CDG): 8 =19.6 (q,CHC=), 215 (q, 00 978
CHZCH), 23.6 (dCHCH,), 23.7 (q.CH,CH), 39.2 (tCH,CH), 75.6  (3p5 RS 6RS)-3-(Furan-2-yl)-5-methyl-6-(prop-1-en-2-yl)-
(d, OCH), 88.0 (d, OOCH), 104.0 (d, OCHOO), 118.7 (t,OH (1,2,4-trio§<ane)(3<)(e) (Methg(f n yI-6-(prop v

124.0 (d, CHop), 126.1 (d, CH,p), 126.6 (d, CHoy), 126.7 (d, o solution of14 (0.71 g, 5.38 mmol) and furan-2-carboxaldehyde

CHarom), 127.6 (d, Cllon), 128.0 (d, CHoy), 128.3 (d, Chloy), (0.65 g, 6.77 mmol) in C§€l, was treated with catalytic amounts
131.9.(s, Grom: 132.8 (S, Grom), 133.9 (S, Gron), 138.6 (SC=CHy). of BF;-OEt, (0.2 mL). Usual work-up and further purification of the
MS (El, 70 eV)m/z (%) = 312 (M, 3), 226 (M — GH,0, 2), 156 crude product by preparative thick-layer chromatography ,(SiO
(C;HgO", 100), 155 (¢H,O", 100), 128 (GHs', 30), 127 (GH,*, EtOAc—n-hexane, 1:10) afforded the pure 1,2,4-triox80e as a
100), 124 (GH4¢", 27), 109 (GH,5, 17). viscous colorless oil (0.38 g, 34%).

HRMS (El, 70 eV): GH,,0O; calcd: M =312.173 g/mol; found: IR (film): 3126, 3085, 2979, 2901, 1647, 1636, 1601, 1149, 1087,
M =312.173+ 0.005 g/mol. 1065, 1000, 984, 915 ctn

Anal. Calcd for GH,,04 (312.40): C, 76.89; H, 7.74. Found: C,*H NMR (300 MHz, CDCJ): § =1.22 (d, 3 HJ = 6.3 Hz, G1,CH),

76.61; H, 7.63 1.74 (m, 3 H, CKC=), 4.0 (dq, 1 H) = 6.3, 9.1 Hz, OCH), 4.45 (d,
1 H,J=9.1 Hz, OOCH), 5.09 (m, 2 H, GH), 6.25 (s, 1 H,

(5RS,6RS)-5-Methyl-6-(prop-1-en-2yl)spiro[1,2,4-trioxacyclo- OCHOO), 6.34 (m, 1 H, CH), 6.53 (m, 1 H, CH), 7.39 (m, 1 H, CH).

hexane-3,2adamantane] (30c) (Method A) 1 Cs

A solution 0f14 (2.0 g, 15.2 mmol) and adamantanone (2.28 g, 15éHC cl:\ll\;IRME.?lS.(z '\c/)lng) %g%o(ds C;O%ZGH§ g%?_('gcgzmlgg) ((11’10_0
mmol) in CHCI, were treated with catalytic amounts of BPEY, «d 3CH=’) 1103 d CH=) 118.4 €H :’C) 138.4 (sC=CH,2)

(0.2 mL). Usual work-up and further purification of the crude prod14'3_3 d ’OCH:) 1’47 3 (sl Q9 =h ’ !

uct by preparative thick-layer chromatography (Si€tOAc-n- ‘ ' o '

hexane, 1:10R, 0.89) afforded the pure 1,2,4-trioxaB@cas a col- Anal. Calcd for GH,,0,(210.23): C, 62.85; H, 6.71. Found: C,
orless oil which crystallized on standing (0.47 g, 12%); mp 4862.80; H, 6.70.

49 °C.
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Table 1 Crystal Data for Compoun@®3a, 26d andtat-29a

Product Formula Cell Dimensions a, B, v [°] VIAY, z Crystal System  Reflexes Measd/ R/Ry
M [gmol] [A] Space Group Reflexes Obsvd

23a C,gH260; a=17.388(1) a=90 V = 1555.9(3) monoclinic 9215 0.0586
b =10.428(1) B=94.19 Z=4 P21/n 1805 0.1128
¢ =20.250(1) y=90

26d CigH5005 a=12.8550(6) o=90 V =1578.90(11) monoclinic 3443 0.0507
b=14.8204(5) p=94.95 Z=4 P21/c 1851 0.1112
€ =8.3185(3) y=90

tat-29a  C,,H3¢0¢ a=23.634(1) a=90 V =2174.7(3) orthorhombic 1441 0.0773
b =8.201(1) B=90 Z=4 Pbcn 321 0.0682

c=11.220(1) v=90

(3RS,5RS,6RS)-3-(2-Chlorophenyl)-5-ethyl-6-(prop-1-en-2-yl)-  H, J=9.7, 7.1 Hz, OCH), 3.71 (m, 2 HHCH,), 5.58 (s, 1 H,
1,2,4-trioxane (30f) (Method A) OCHOO).
A solution of25 (R = Et) (1.50 g, 10.3 mmol) and 2-ch|0r0benzal-13C NMR (75.5 MHz, CDG): & (minor diastereomer) = 14.7 (g,

dehyde (1.44 g, 10.2 mmol) in GEl, was treated with catalytic CHACH,), 16.1 (q,CH,CH), 19.5 (q,CH,C=), 61.6 (t,CH,CH,),

amounts of BEOEY, (0.2 mL). Usual work-up and further purifica- 65.8 (d, OCH), 88.9 (d, OOCH), 110.0 (d, OCHOO), 118.2 (t
tion of the crude product by preparative thick-layer chromatograp@ﬁz:c)’ 1390 l(sC:.CHZ)'. ' ' ' ' B

(Si0,, EtOAcHh-hexane, 1:10) afforded the 1,2,4-triox&é (0.60
g, 22%) as an oil. MS (El, 70 eV):m'z (%) = 82 (GHy,", 100), 70 (QHO", 28), 69

C.H:0%, 27), 67 (GH-*, 68).
IR (film): 3079, 2971, 2925, 2879, 1647, 1597, 1576, 1445, 108%,4 50", 27), 67 (GH7", 68)

1053, 1003, 960, 916 cfn Crystallographic Data (Table 1)

'H NMR (300 MHz, CDC)): § =0.97 (dd, 3 HJ=7.4, 7.4 Hz, DataCollection: Nonius-Kappa-CCD diffractometer, room temper-

CH,CH,), 1.43-1.62 (m, 2 H,18,CH,), 1.73 (m, 3H, CKC=),3.82 ature, Mo-K-radiation & = 0.71073 A), graphite monochromator,

(ddd, 1 H,J=3.5, 8.1, 9.2 Hz, OCH), 4.48 (d, 1 Bi9.2 Hz, ¢ —® —scans, ® limits [°]: 2-54.

OOCH), 5.05(m, 2H, C}#), 5.48 (s, 1 H, OCHOO), 7.21-7.65 (m, Structure Analysis and Refinement: Solved by direct methods; full

4 Haron)- matrix least-squares refinement with anisotropic thermal parame-

13C NMR (75.5 MHz, CDC)): $=9.3 (q, CH,CH,), 19.7 (g, ters for C, N and O and isotropic parameters for H.

CH4C=), 23.6 (t,CH,CHj), 78.7 (d, OCH), 87.4 (d, OOCH), 101.0 . P )

(d, OCHOO), 1185 (tCH,~C). 126.8 (d, Ch..), 128.7 (d. zﬁr?(;?nn;sn?gegizt;[_sgtycture determination SHELXS-97 and for

CHgom), 129.5 (d, CH,), 130.9 (d, CHo), 132.1 (S, Gom)s 133.5

(s, Ciom)s 138.7 (sC=CH,).

MS (El, 70 eV):miz (%) = 142 (GH:2'CI*, 13), 141 (GHcl*, Acknowledgment

iﬂ (léf_)' (3%;3335%)‘ %%)(éag SGI;S;S%I:L, (1(5_?); 12%3) (@Hs7CI", 7), This work was generously supported by the Deutsche Forschungs-
5 1 esh 120280 9 =E) gemeinschaft (DFG project GR 881/13-1) and by the University of

Anal. Calcd for G,H,,CIO; (268.74): C, 62.57; H, 6.38. Found: C, Cologne (setting up funding 2004/05). The SEM pictures were ta-

62.55; H, 6.36. ken at the Max-Planck Institute for colloids and interfaces, Golm,

Germany, in the group of Prof. Markus Antonietti. Antimalarial-te-

(3RS,5RS,6RS)-3-Ethoxy-5-methyl-6-(prop-1-en-2-yl)-1,2,4-tri-  sting was performed in Basel (Swiss Tropical Institute, Prof. R.

oxane and (RS,5SR,6SR)-3-Ethoxy-5-methyl-6-(prop-1-en-2- Brun) and Bonn (Medicinal Parasitology, Prof. A. Horauf, Dr. M.

yl)-1,2,4-trioxane (30g) (Method B) Saeftel). Tamer El-ldreesy thanks the Egyptian government for a

A solution 0f14 (0.75 g, 5.68 mmol) and triethyl orthoformate (5.0long-term Ph.D. grant and Anna Bartoschek thanks the University

g, 33.8 mmol) in CKCI, was treated with catalytic amounts of of Cologne for a graduation grant.

BF;-OEY (0.2 mL). Usual work-up followed by evaporation of ex-

cess orthoester afforded an oil composed of a diastereomeric mix-

ture of the 1,2,4-trioxane30gin the ratio of 72:28 (0.75 g, 70%). References
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